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CONVERTING AND EXECUTING APPLICATIONS 

BACKGROUND 

The present invention relates to data processing by digital computer, and more 

particularly to converting and executing applications. 
5 An application is one or more computer programs that perform a specified set of 

functionality for one or more users. Application functionality can include both the processing 

and presentation of data. 

Application development typically involves creating a design-time representation of 

an application using a particular design-time environment and then using the design-time 
10 representation of the application to generate run-time code that is executable in a particular 

run-time environment. Both the design-time environment and the run-time-environment 

support and use of a particular programming model that defines the elements of the 

application and an application format that specifies how those elements are structured. 

Once an application has been developed according to a certain application format, it 
1 5 may be difficult to convert the application to accommodate a different run-time environment. 

In order to accommodate a different run-time environment, the application may need to be 

rewritten in a different application format. 

SUMMARY OF THE INVENTION 
The present invention provides methods and apparatus, including computer program 
20 products, for converting and executing applications. 

In general, in one aspect, the invention provides methods and apparatus, including 
computer program products, for converting applications. A program according to this aspect 
is operable to cause data processing apparatus to perform operations comprising receiving an 
original design-time representation of an application, the original design-time representation 
25 for use in a first run-time environment for executing applications having been developed in a 
first design-time environment, the first design-time environment using a first programming 
model comprising one or more first model elements including screens and processing logic 
for each screen, the original design-time representation including one or more application 

1 
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screens and original processing logic for each application screen; and generating a converted 
design-time representation of the application based on the original design-time 
representation, the converted design-time representation for use in a second run-time 
environment for executing applications having been developed in a second design-time 

5 environment, the second design-time environment using a second programming model 

comprising one or more second model elements including models, views, and controllers, the 
converted design-time representation including one or more application views based on the 
one or more application screens, and converted processing logic based on the original 
processing logic, the converted processing logic capable of being executed in the second run- 

1 0 time environment. 

Advantageous implementations of the invention include one or more of the following 
features. The first programming model is the SAP Dynpro programming model, and the 
second programming model is the SAP Web Dynpro programming model 

Generating a converted design-time representation of the application comprises 

1 5 converting each application screen to a corresponding application view and converting the 
original processing logic for each application screen to the converted processing logic. 

Each application screen comprises one or more controls from a first set of controls 
defined in the first programming model; the second programming model defines a second set 
of controls; and converting each application screen comprises selecting a corresponding 

20 control from the second set of controls for each control in the application screen. 

Each control comprises an attribute. Converting each application screen further 
comprises, for each control in the application screen, setting the attribute of the 
corresponding control to match the attribute of the control in the application screen. 

The original processing logic comprises state control logic and one or more calls to 

25 one or more run-time modules in the first run-time environment. Converting the original 

processing logic comprises generating corresponding state control logic that is executable by 
an adapter in the second run-time environment, the adapter being operable to interface with 
the run-time modules in the first run-time environment; and converting the calls to the run- 
time modules into instructions to the adapter for invoking the run-time modules. 

30 Converting the original processing logic comprises generating one or more 
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instructions to an adapter in the second run-time environment to perform a function not 
performed by the original processing logic. Converting the original processing logic 
comprises generating code to invoke an adapter in the second run-time environment. The 
code to invoke the adapter is formatted to resemble the original processing logic. The code to 
invoke the adapter comprises one or more macros. 

The invention can be implemented to realize one or more of the following advantages. 
Applications designed in a first format for a first run-time environment can be converted into 
a second format and executed in a second run-time environment. The conversion can be 
automated. Using an adapter to interface between the two run-time environments eliminates 
the need to modify the run-time modules in the first run-time environment to work in the 
second run-time system. Using a conversion format with syntax that resembles the first 
format makes it easier for application developers that are used to the syntax of the first format 
to make modifications to the converted application. One implementation of the invention 
provides all of the above advantages. 

The details of one or more implementations of the invention are set forth in the 
accompanying drawings and the description below. Further features, aspects, and advantages 
of the invention will become apparent from the description, the drawings, and the claims. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 is a block diagram of a first system in accordance with the invention. 
FIG. 2 A is a block diagram of a second system in accordance with the invention. 
FIG. 2B is a block diagram of a second system in accordance with the invention. 
FIG. 3 is a block diagram of an implementation of the first system in accordance with 
the invention. 

FIG. 4 A is a block diagram of an implementation of the second system in accordance 
with the invention. 

FIG. 4B is a block diagram of an implementation of the second system in accordance 
with the invention. 

FIG. 5 is a flow diagram of a method for converting applications in accordance with 
the invention. 

FIG. 6A is a screen shot of an application screen before conversion. 

FIG. 6B is a screen shot of an application screen after conversion. 

FIG. 7A is an example of application flow logic before conversion. 

FIG. 7B is an example of application flow logic after conversion, 

FIG. 8 is a flow diagram of a method for executing converted applications in 
accordance with the invention. 

Like reference numbers and designations in the various drawings indicate like 
elements. 

DETAILED DESCRIPTION 
As shown in FIG. 1, a first system 100 at run time includes a first run-time processor 
1 10 and a first set of run-time modules 120. The first run-time processor 1 10 is operable to 
execute run-time code 130 generated based on a design-time representation of an application. 
The design-time representation is in a first application format 140. In one implementation, 
the first application format 140 is the Dynpro application format, developed by SAP AG of 
Walldorf, Germany ("SAP"). The Dynpro application format includes screens and associated 
processing logic, as explained in more detail below. Thus, in this implementation, the 
design-time representation of an application in the Dynpro format would include a 
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specification of the application screens and the processing logic for those screens. During 
execution of the run-time code 130, the first run-time processor 1 10 can invoke the first set of 
run-time modules 120 to provide enhanced application functionality, for example, input 
validation and input formatting. 

5 As shown in FIG. 2A, a second system 200 at design time includes one or more 

development tools 210 and a conversion module 220. The development tools 210 are tools 
for developing a design-time representation of an application in a second application format 
230. In one implementation, the second application format 230 is the Web Dynpro 
application format, also developed by SAP. The Web Dynpro application format includes 

10 views, models, and controllers, as explained in more detail below. Thus, in this 

implementation, the design-time representation of an application in the Web Dynpro format 
would include a specification of the models, views, and controllers of the application. 

The conversion module 220 converts the design-time representation of an application 
in the first application format 140 to a design-time representation of the application in the 

15 converted application format 240. The converted application format 240 can be different 

from the second application format 230, but like the second application format 230, it can be 
used by the second system 200 to generate run-time code for the application. The converted 
application format 240 and the conversion technique will be described in more detail below. 
At run time, as shown in FIG. 2B, the second system 200 includes a second run-time 

20 processor 250, an adapter 260, and a second set of run-time modules 270. The second run- 
time processor 250 is operable to execute both run-time code 280 generated from the design- 
time representation of the application in the converted application format 240 and run-time 
code 290 generated from the design-time representation of the application in the second 
application format 230. 

25 The run-time code 280 can include calls to the first set of run-time modules 120. The 

second run-time processor 250 can execute these calls by using the adapter 260 to interface 
with the first set of run-time modules 120. Typically, in the first system 100, such calls 
would be made by the first run-time processor 110. 
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The following paragraphs describe one implementation of the invention. In this 
implementation, the first system 100 is a Web Application Server from SAP that includes a 
design-time and a run-time environment for developing client-server applications in an 
application format referred to as the Dynpro application format. Such a system will be 
5 referred to as a Dynpro Web Application Server, The second system 200 is a Web 

Application Server that includes a design-time and a run-time environment for developing 
web-based client-server applications in an application format referred to as the Web Dynpro 
application format. Such a system will be referred to as a Web Dynpro Web Application 
Server. 

10 The Dynpro application format 

An application designed in the Dynpro application format (a Dynpro application) 
includes one or more screens. Each screen includes one or more controls through which 
users can interact with the Dynpro application. The controls can include, for example, tables, 
text fields, radio buttons, trays, and drop-down menus. The controls can be arranged in a 

15 particular layout. For example, one possible layout is a hierarchical layout that includes a 
top-level control and one or more nested controls. 

A Dynpro application also includes flow logic for the screens. The flow logic is 
processing logic that is associated with each screen. Such processing can include, for 
example, input help, input validation, and input format conversion. 

20 As shown in FIG. 3, the run-time environment 300 of the Dynpro Web Application 

Server includes a Dynpro run-time processor 310 and a set of ABAP modules 320. The 
Dynpro run-time processor 310 is operable to execute run-time code 330 generated based on 
a design-time representation of a Dynpro application. During execution of the run-time code 
330, the Dynpro run-time processor 310 can invoke one or more of the ABAP modules 320 

25 to provide enhanced application functionality, such as, for example, input validation and 
input formatting. 

In one implementation, the execution of the Dynpro flow logic can be split into 
multiple phases that include the following phases: 
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PBO (Process Before Output) phase — The PBO phase occurs before a screen is 
displayed to a user. The flow logic that is executed during the PBO phase can include logic 
that initializes controls on the screen. 

P AI (Process After Input) phase— The PAI phase occurs after a user has submitted 
5 data for the screen. The flow logic that is executed during the PAI phase can include logic 
that validates user input, or converts the format of input data. 

POH (Process On Help) phase — The POH phase occurs when a user requests help 
information for a control. The flow logic that is executed during the POH phase can include 
logic that displays help information for the control. 
10 POV (Process On Value) phase — The POV phase occurs when a user requests input 

help for a control. The flow logic that is invoked during the POV phase can include logic 
that displays a list of the valid input values for the control and allows the user to select one of 
the values from the list rather than entering the input from scratch. 

The Web Dynpro application format 
15 An application designed in the Web Dynpro application format (a Web Dynpro 

application) is designed according to the model- view-controller (MVC) programming model. 
A Web Dynpro application includes one or more application models, one or more views that 
present the models, and one or more controllers that manipulate the models in response to 
user interaction with the views. Each controller can also have associated data structures for 
20 storing data used by the controllers. 

As shown in FIG. 4A, the design-time environment 400 of the Web Dynpro Web 
Application Server includes a set of Web Dynpro development tools 410 and a conversion 
module 420. The development tools 410 are tools for developing a design-time 
representation of a Web Dynpro application 430, and can include, for example, tools for 
25 designing the content and layout of the views. The development tools can be based on a Web 
Dynpro metamodel that defines the set of objects (metamodel objects) that can be used in the 
design of a Web Dynpro application. The metamodel objects can include, for example, 
models, views, controllers, contexts, and controls. The design-time representation of a Web 
Dynpro application is stored as metadata in a metadata repository and is used to generate run- 
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time code for different platforms, for example, Java (e.g., J2EE), ABAP, or Microsoft .NET 
platforms. 

The conversion module 420 converts a design-time representation of an application in 
the Dynpro application format 340 to a design-time representation of the application in a 
converted application format 440. The converted application format 440 can be different 
from the Web Dynpro application format 330, but as with the Web Dynpro application 
format 330, a design-time representation in the converted format 440 can be used to generate 
application run-time code that can be executed in the run-time environment of the Web 
Dynpro Web Application Server. 

In operation, as shown in FIG. 5, the conversion module 420 converts each screen in a 
Dynpro application to a view in the Web Dynpro format (step 510). In generating the Web 
Dynpro views, the conversion module attempts to match the layout of UI elements in the 
Dynpro screen. For each control in each Dynpro screen, the conversion module creates a 
corresponding Web Dynpro metamodel object. The corresponding Web Dynpro metamodel 
object can be created, for example, by selecting the Web Dynpro metamodel object that best 
matches the Dynpro control and configuring the metamodel object so that its attributes match 
the attributes of the Dynpro control. For example, in the case of a Dynpro button that has a 
color attribute set to "blue", the conversion process can select a Web Dynpro button control 
and set its color to blue. Although in some cases the conversion can be a straightforward 
one-to-one replacement (e.g., replacing a Dynpro checkbox with a Web Dynpro checkbox), 
the conversion can be more complicated in other cases. For example, as shown in FIGs. 6A 
and 6B, multiple checkboxes 610 in a Dynpro screen 600 can be converted into a single Web 
Dynpro radio button 620 with multiple selection buttons. 

The conversion module also converts the Dynpro flow logic into processing logic that 
is compatible with the Web Dynpro application format (i.e., that is executable by the Web 
Dynpro run time) (step 520), The flow logic that is converted can include state control logic 
that keeps track of the state of application execution. The conversion of the flow logic can 
also include replacing calls to the ABAP modules 320 with calls to a conversion controller 
460 (FIG. 4B). The calls to the conversion controller 460 can be encapsulated in macros. 
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The conversion of the flow logic can further include extending the original flow logic 
with additional processing logic (step 530). Such additional processing logic can take the 
form of instructions to the conversion controller 460 to perform one or more functions that 
are not performed by the original flow logic. Such functions can include, for example, 
5 validating user input or converting the format of user input. 

FIG. 7A shows an example of flow logic in the Dynpro application format prior to 
conversion, and FIG. 7B shows the Dynpro flow logic after conversion. In this 
implementation, the syntax of the converted Dynpro flow logic resembles the syntax of the 
original Dynpro flow logic. This makes it easier for application developers that are used to 
10 the Dynpro syntax to make modifications to the converted Dynpro application. In this 

example, all the MODULE statements 710 are converted into WDPJMODULE statements 
720, which are macros that expand to the actual converted code. The following is an 
example of the actual converted code for the WDPJVtODULE statements 720: 

if ClJDynp=>tmp_exco eq abap_true // if an exit-command 

1 5 cl_dynp=>call_module( f & 1' ) // then call the application module 

else 

add 1 to cl jdynp=>the_model->statement // update the statement counter 
if cl_dynp=>the_model->currcont eq // if the statement counter equals the 
cl_dynp=>the_model->statement // current statement number 

20 cl_dynp=>call_module( ) // then call the application module 

add 1 to cl_dynp=>the_model->currcont // update the statement counter 
endif 
endif 

25 Once the conversion is completed, the design-time representation of the application in 

the converted format can be stored as Web Dynpro metadata in the metadata repository. The 
metadata can be subsequently edited using the Web Dynpro development tools, or used to 
generate run-time code for the Web Dynpro run time. 
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As shown in FIG. 4B, the Web Dynpro run time 400 includes a Web Dynpro run- time 
processor 450, a conversion controller 460, and a set of Web Dynpro modules 470. The Web 
Dynpro run-time processor 250 is operable to execute both run-time code 490 for a Web 
Dynpro application, as well as run-time code 480 for a converted Dynpro application (i.e., 
run-time code generated from the design-time representation of the application in the 
converted format). The Web Dynpro run-time processor 450 can include a phase handling 
mechanism that splits the execution of an application into multiple run-time phases. The 
phases can differ depending on whether the application being executed is a Web Dynpro 
application or a converted Dynpro application. 

For example, in the case of a Web Dynpro application, the Web Dynpro run-time processor 
450 can split the execution into a "parse browser request" phase, a "validate input" phase, 
and a "send response to browser" phase. In the case of a converted Dynpro application, the 
Web Dynpro run-time processor 450 can split the execution into the PBO, PAI, POH, and 
POV phases described above. 

In operation, as shown in FIG. 8, the Web Dynpro run-time processor 450 receives 
run-time code for an application to be executed (step 810). The Web Dynpro run-time 
processor then determines whether the application to be executed is a Web Dynpro 
application or a converted Dynpro application (step 820). The code for the converted Dynpro 
application can include a flag that identifies the application as being a converted Dynpro 
application. 

If the application is a Web Dynpro application, then the Web Dynpro run-time 
processor executes the code directly (step 830), without using the conversion controller. If 
the application is a converted Dynpro application, then the Web Dynpro run-time processor 
executes the code using the conversion controller (step 840), for example, by using the 
conversion controller to invoke the ABAP modules 320. 

The invention can be implemented in digital electronic circuitry, or in computer 
hardware, firmware, software, or in combinations of them. The invention can be 
implemented as a computer program product, i.e., a computer program tangibly embodied in 
an information carrier, e.g., in a machine-readable storage device or in a propagated signal, 
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for execution by, or to control the operation of, data processing apparatus, e.g., a 
programmable processor, a computer, or multiple computers. A computer program can be 
written in any form of programming language, including compiled or interpreted languages, 
and it can be deployed in any form, including as a stand-alone program or as a module, 
component, subroutine, or other unit suitable for use in a computing environment. A 
computer program can be deployed to be executed on one computer or on multiple computers 
at one site or distributed across multiple sites and interconnected by a communication 
network. 

Method steps of the invention can be performed by one or more programmable 
processors executing a computer program to perform functions of the invention by operating 
on input data and generating output. Method steps can also be performed by, and apparatus 
of the invention can be implemented as, special purpose logic circuitry, e.g., an FPGA (field 
programmable gate array) or an ASIC (application-specific integrated circuit). 

Processors suitable for the execution of a computer program include, by way of 
example, both general and special purpose microprocessors, and any one or more processors 
of any kind of digital computer. Generally, a processor will receive instructions and data 
from a read-only memory or a random access memory or both. The essential elements of a 
computer are a processor for executing instructions and one or more memory devices for 
storing instructions and data. Generally, a computer will also include, or be operatively 
coupled to receive data from or transfer data to, or both, one or more mass storage devices for 
storing data, e.g., magnetic, magneto-optical disks, or optical disks. Information carriers 
suitable for embodying computer program instructions and data include all forms of 
non- volatile memory, including by way of example semiconductor memory devices, e.g., 
EPROM, EEPROM, and flash memory devices; magnetic disks, e.g., internal hard disks or 
removable disks; magneto-optical disks; and CD-ROM and DVD-ROM disks. The processor 
and the memory can be supplemented by, or incorporated in special purpose logic circuitry. 

To provide for interaction with a user, the invention can be implemented on a 
computer having a display device, e.g., a CRT (cathode ray tube) or LCD (liquid crystal 
display) monitor, for displaying information to the user and a keyboard and a pointing 
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device, e.g., a mouse or a trackball, by which the user can provide input to the computer. 
Other kinds of devices can be used to provide for interaction with a user as well; for example, 
feedback provided to the user can be any form of sensory feedback, e.g., visual feedback, 
auditory feedback, or tactile feedback; and input from the user can be received in any form, 
including acoustic, speech, or tactile input. 

The invention can be implemented in a computing system that includes a back-end 
component, e.g., as a data server, or that includes a middleware component, e.g., an 
application server, or that includes a front-end component, e.g., a client computer having a 
graphical user interface or a Web browser through which a user can interact with an 
implementation of the invention, or any combination of such back-end, middleware, or 
front-end components. The components of the system can be interconnected by any form or 
medium of digital data communication, e.g., a communication network. Examples of 
communication networks include a local area network ("LAN") and a wide area network 
("WAN"), e.g., the Internet. 

The computing system can include clients and servers. A client and server are 
generally remote from each other and typically interact through a communication network. 
The relationship of client and server arises by virtue of computer programs running on the 
respective computers and having a client-server relationship to each other. 

The invention has been described in terms of particular embodiments. Other 
embodiments are within the scope of the following claims. For example, the steps of the 
invention can be performed in a different order and still achieve desirable results. 

What is claimed is: 
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